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(54) Monitoring system for web breaks in a paper machine 



(57) The invention relates to a monitoring system for 
web breaks in a paper machine. A web (W) is monitored 
by means of a number of cameras (1) and the image 
data of various camera positions is used for compiling 
focused image regions (12). Camera-specific image 
processing equipment (2, 12) is adapted to compile im- 
age change data by comparing the change between se- 
quential images as far as the focused image region (12) 



is concerned. The image change data is compared with 
a normal level of image change and an alarm message 
(3a) is delivered if the image change level has a devia- 
tion from the reference level which exceeds a preset 
threshold value. A break alarm is set off, in case said 
alarm message (3a) is delivered by image change data 
comparators (3) of one or more pre-se lected camera po- 
sitions (P1-Pn). 
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Description 

[0001] The present invention relates to a monitoring 
system for web breaks in a paper machine, comprising 

a number of cameras for imaging various positions 
of a monitored web; 

digital image processing equipment for storing im- 
age data from a plurality of camera positions; and 
selection means for choosing a focused picture re- 
gion from the image data of various camera posi- 
tions. 

[0002] This type of monitoring systems have been 
used earlier for a subsequent analysis of web breaks, 
but such systems have not been employed as an actual 
break sensor capable of detecting a web break. Tradi- 
tional break sensors used in a paper machine are often 
unreliable and such traditional sensors are generally 
completely useless in certain positions, particularly at 
the wet end of a machine. 

[0003] An object of the invention is to develop further 
a monitoring system of the above-described type to en- 
able its use in lieu of traditional break sensors both in 
web break monitoring systems and in the actual control 
of a paper machine. 

[0004] This object is achieved on the basis of the char- 
acterizing features set forth in the annexed claim 1 . The 
non-independent claims disclose preferred embodi- 
ments of the invention. 

[0005] The invention will now be described in more 
detail by way of an exemplary embodiment with refer- 
ence made to the accompanying drawing, which depicts 
one preferred embodiment of the invention in a block 
diagram. 

[0006] The source of image in the block diagram com- 
prises a number of video cameras, which produce con- 
tinuously a video image of a monitored paper web W 
from its various image positions P1...Pn. These posi- 
tions have been selected W from its various image po- 
sitions P1...Pn. These positions have been selected 
from among the locations that are critical in terms of web 
breaks. A system of the invention can be included in a 
larger system, wherein some of the cameras operate in 
other monitoring functions, as described in the Appli- 
cant's copending patent applications FI-981736 and Fl- 
990120. 

[0007] The image information received from each 
camera is processed in a digital signal processor 2 or a 
DSP-processor. The signal processors resemble ordi- 
nary microprocessors, yet contain e.g. the use of float- 
ing point number technology and address formats for 
easier addressing. In addition, the DSP differs remark- 
ably from an ordinary processor in terms of its architec- 
ture, having been designed for functions which involve 
lots of data, and multiplications with integers and trans- 
missions of data are statistically significant operations. 
The DSP-processors enable the implementation of sev- 



eral different and simultaneous calculation routines as- 
sociated with image analyzing, the results of which can 
be applied to automatically perceiving the changes ap- 
pearing in image information. 
5 [0008] The present invention is partly constituted by 
tools made available for a user, whereby the user can 
focus on a region or frame, which is optional in terms of 
its location and size, from the picture area of each cam- 
era. In reference to the DSP-processors 2, this focused 

10 frame is indicated by a reference numeral 1 2 (ROI/Re- 
gion Of Interest). The selection of a size and a location 
for the focused frame 1 2 can be controlled by means of 
tools 7, 8, 1 0-1 3 included in a user's computer 9. Selec- 
tion icons 7 visible on a monitor 10 can be used by the 

15 user by pointing with a mouse 1 3 in order to choose an 
image 11 of a desired camera position to be displayed. 
In other words, the images of all camera positions are 
received in the user's computer 9, but the image data 
selection unit 8 is used for choosing the image 1 1 of any 

20 given camera position to be shown on the screen 10, 
wherein a focused frame or region 1 2 1 is defined in terms 
of its size and location in accordance with the user's se- 
lection. Naturally, the selection is focused on that region 
of the image 11 in which a web break is expected to 

25 cause most perceptible image changes. The delimita- 
tion corresponding to the focused region 12' in the im- 
age 1 1 of any selected camera position can be assigned 
by way of the computer 9 to the DSP-processor 2 of a 
corresponding camera position. Hence, the control sup- 

30 piled by the user's computer 9 is applied to the digital 
image processing equipment 2 for a video image re- 
ceived from the cameras 1, said equipment operating 
on a fifo-principle and the temporal duration of image 
data stored therein being variable from a few seconds 

35 to several minutes. Thus, the image data stored from 
each camera position may contain a few dozen or even 
several hundred sequential images 11 and, respectively, 
focused frames or regions 12/12' included therein. 
[0009] The digital image processing equipment 2 is 

40 adapted to compile image change data by comparing 
the change between sequential images as far as a fo- 
cused image region or frame is concerned. Further- 
more, the digital image processing equipment 2 is 
adapted to provide a reference level for the image 

45 change, which represents a normal level of image 
change data. The reference level can be established in 
a plurality of ways and it can be based e.g. on one or 
more of the following actions: 

so - performing an automatic image analysis continu- 
ously or periodically for determining a normal image 
change level 

the user selects a reference level or a parameter 
relevant thereto while selecting or changing of the 
55 image region 12, 12' producing the image change 
data 

using image change data, which dates further back 
than the actual, real-time image change data, as a 
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reference level or as one parameter in establishing 
a reference level. 

[0010] From each DSP-processor 2 the image 
change data and the reference level are carried to cam- 
era-specific comparators 3, which compare the image 
change data to the reference level and produce an alarm 
message 3a in case the deviation of the image change 
data from the reference level exceeds a preset threshold 
value. The alarm limits, i.e. the maximum acceptable de- 
viations of image change data from a reference level, 
are thus predetermined with settings established by a 
user, principally by means of empirical knowledge, said 
knowledge accumulating along with working experienc- 
es. It is obvious that various camera positions have dis- 
similar optimal alarm limits in view of optimizing the re- 
lationship between sensitivity and false alarms. A major 
factor in this optimization is a solution of the invention, 
wherein the image change data is only compiled from 
the picture region 12 focused on an object of interest. 
[0011] From the comparators 3 the alarm messages 
3a are carried to an alarm device 4, which produces an 
actual break alarm if an alarm message 3a is emitted by 
the image change data comparators 3 of one or more 
pre-selected camera positions P1-Pn. Selection means 
5 can be used for choosing the cameras whose image 
data will be stored in a break data bank 6. In addition, a 
message received from the device 4 may contain infor- 
mation as to which camera positions have set off an 
alarm. This can be used as a directive for the storage 
selection means 5 for storing the image data of relevant 
camera positions in the break data bank 6. 
[001 2] If an alarm is based on the image position of a 
single camera, it is possible to aim for the elimination of 
false alarms by using a suitable hysteresis. However, 
an absolutely positive indication of a break is obtained 
by using a combination of several cameras, whereby the 
break message must be received from a number of cam- 
eras (and, respectively, it is necessary to receive a 
number of alarm messages 3a) before it results in an 
actual break alarm from the alarm device 4. 
[001 3] Hence, the web break monitoring system of the 
invention can be used for effecting the storage of a break 
incident by means of just selected, desired camera po- 
sitions P1 -Pn. 

[0014] Reference numeral 15 designates a paper ma- 
chine control system, which is also supplied with a break 
message delivered by a monitoring system of the inven- 
tion. 

[0015] Unlike the depicted block diagram, it is possi- 
ble that the focused image region 1 2 is already selected 
with a camera 1 . This can be done either with selection 
means included in the camera itself or under the control 
of the user's computer 9. 

[0016] Furthermore, unlike the block diagram, it is 
possible to operate the user's computer 9, if this is de- 
sirable, also for driving the storage selection means 5 
in such a manner that the selection of a user also in- 
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creases or reduces the number of those cameras 1 
whose image data is stored in the break data bank 6 in 
connection with a break alarm. In addition, the user com- 
puter 9 may be in communication with the break data 
bank 6 for displaying the images stored therein on the 
monitor 10 for analysis. 



Claims 

1 . A monitoring system for web breaks in a paper ma- 
chine, comprising 

- a number of cameras (1) for imaging various 
positions (P1 -Pn) of a monitored web (W); 

- digital image processing equipment (2) for stor- 
ing image data from a plurality of camera posi- 
tions (P1-Pn); and 

- selection means (8-1 3) for choosing a focused 
picture region (12) from the image data of var- 
ious camera positions, 

characterized in that the digital image processing 
equipment (2, 12) is adapted to compile 

(i) image change data by comparing the change 
between sequential images as far as said fo- 
cused image region (12) is concerned, and 

(ii) a reference level for image change, which 
represents the normal level of image change 
data; 

and that the system further comprises: 

- comparators (3) for comparing the image 
change data to the reference level and for set- 
ting off an alarm message (3a), in case the im- 
age change data has a deviation from the ref- 
erence level which exceeds a preset threshold 
value; and 

- alarm equipment (4) for setting off a break 
alarm, in case said alarm message (3a) is de- 
livered the image change data comparators (3) 
of one or more camera positions (P1-Pn). 

2. A system as set forth in claim 1 , characterized in 
that it further comprises storage selection means 
(5), which under the control of the alarm equipment 
(4) choose those camera positions (P1-Pn) whose 
image data is stored in a break data bank (6) in con- 
nection with a break alarm. 

3. A system as set forth in claim 1 or 2, characterized 
in that the alarm equipment (4) is adapted not to set 
off an alarm until the image change data deviation 
from the reference level in a focused image region 
for a number of camera positions (P1-Pn) exceeds 
said threshold value. 
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4. A system as set forth in any of claims 1 -3, charac- 
terized in that the reference level is based on one 
or more of the following actions: 

an automatic image analysis continuously or 5 
periodically for determining a normal image 
change level 

a user's selection in connection with the selec- 
tion or change of an image region (12, 12') pro- 
ducing the image change data 10 
the use of image change data, wh ich dates fur- 
ther back than the actual, real-time image 
change data, as a reference level or as one pa- 
rameter in establishing a reference level. 

15 

5. A system as set forth in any of claims 1 -4, charac- 
terized in that the selection function for framing the 
focused image region (12) relevant to the image 
change data, i.e. the selection of a size and location 

for the focused image region, is controllable by 20 
means of tools (7, 8, 10-13) included in a user's 
computer (9) and the control is applied to said digital 
image processing equipment (2). 
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